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F71 ABSTRKT 

Energetic dihydroxy-terminated copolyformals which 
are formed from formaldehyde and fluorodiol and ni- 
trodiol comonOmers where the fluorodiol is 
~OCH2CFzCF2CF2CF2CH7~~, 
l10CHzCF$F$F$H2UH, HOC&CF(CF- 

$XF$F~CF$W~OZ-I, HOCH2CF$XF~C- 
F~UCF~CHZOH, HOCH2CI~7_(CF2)2CH2CH20H, 
HOCW2CW2(CFz)4CH2CHzOH, 
HOCH2CH[2(CF2)6CH2C~2~~, 
HOCH2GH7,(CF~)sCH2CH~~~, 
HOCH~CH~(CF~)~OCH~CH~~H, or mixtures thereof, 
and the nitro dial is HOCH2C&N(N02)CH2CH$+ 
(NO~)CHICH#H, HOCH~CH~N(NOZ)CH~C- 
(N02)2CH2N(NOz)Ckf2CHzOf3[, HOCH2C(N02)2C- 
H~OC~~~CH~C(N~Z)~CH~~H, HQCH2CH2N- 
(h’02)CHzC(N02)zCH2UCW2QCH20CH2C- 
(rcl;o2)2CW2N(N02)CE12CH2OH, or mixtures thereof. 

10 Claims, No Drawings 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise- 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in- 
vention re&tration. For mure specific information on the 
rights associated with a statutory invention registration 
see 35 USC, 157, 
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HY’DROXY=TERMINATED CUPOLYFORh!lALS 
OF FLUQRODIOX3 WITH NXTRODIOLS 

BACKGROUND OF THE INVEMIQ~ 
This invention relates to polymers and more particu- 

larly to energetic polymers containing fluora and nitro 
groups. 

For cast-curable polymers, high energy contents and 
low glass transition temperatures are desirable. Previ- 
ously, several energetic polymers have been synthe- 
sized for use in cast-curable energetic compositions. 
Examples are poty(glycidylazide), poly(azido/ni- 
tratooxetanes), and nitr~polyorthocarbonates. All of 
these polymers have various disadvantages resulting 
fr.om limited chemical or thermal stability, high cost, 
tid most importantly, ill-defined end group composi- 
tion and functionality, Varying functionality makes it 
difficult to obtain reproducibk mechanical properties 
and cure behavior of the energetic compositions in 
which sucfi polymers are used as binders. FunctionaMy 
differing significantly from 2 precludes the use of such 
polymers for the synthesis of block copolymers with 
thermoplastic elastomer properties, which are desired 
as binders for extrudable energetic compositions. 

SUMMARY OF THE INVENTION 
Accordingly an object of this invention is to provide 

new energetic polymers for use in explosive and propel- 
lant binders, 

Another object of this invention is to provide ener- 
getic polymers having low glass transition terxlpera- 
tures. 

--A further object of this invention is to provide new 
difunctianal hydroxy-terminated energetic polq’mers 
for use in the synthesis of block copolymers. 
‘*Yet another object of this invention is to provide high 

energy dihydroxy-terminated polymers having well-de- 
fined end group composition and functionality. 

These and other objectives of this invention are ac- 
complished by providing: 

A dihydroxy-terminated copolyformal formed from 
A, formaldelhyde and 
8, a comonomer rnixrure of 

(1) a fluorodiol which is 
HUCH$ZF$ZF~CF2CH$3H, 
HQCH2CF2CF7CF2CF7CH20H,” 
NOCH2CF(CF;)UCF$2FzCF2CHIOH, 
HOCH2CF20CFzCF20CF7,CH20H, 
WOCH~CH1(CF2)2CH2CH;zOH, 
HOCH~CH~(CF~)~CHZCH~OH, 
HOCHzCHz(CF2)6CH2CH7_OI-I, 
HOCH~CN~~CF~~SC~~CH~~~, 
HOCH~CH~(CF~)I~CH~CW~~H! 

or mixtures thereof and 
(2) a nitrodiol which is 

HUCH1CH2N(N02)CH2CH2N(NO2)CH2C- 
Hga-I, 

HQCH2CH2N(rU’02)CH2C(N02)2CH2N- 
(NO$HzCH#H, 

HOCE-E~C(N02)2CH2UCH20CHzC(N02’)2C(~~2~2C 
H2W 

HOCH7,CH2N(h’Oz)C~2C(NU2)2CH20CH- 
~OCH2C(N02)tCW7_N(NO2)CW2CK~OH, 

or mixtures thereof, 
wherein the fluorodiol comprises abuut 10 to about 

90 mole percent of tile dial comonomer mixture with 
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2 
the nitrodioi being the remainder, The terminal func- 
rional groups are exclusively hydroxy groups. 

DETMLED DESCRIPTION OF THE L-L 

PREFERRED E~IBQDIMENT 
The polymers of the present inventiOn are prepared 

by the polycondensation of fluorodiols and nitrodiols 
with formaldehyde in sulfolane/boron trifluoride ether- 
ate solvent. The resulting fiuoro and nitro monomeric 
units will be more or less randomly distributed in the 
polymeric chain with formal (--QCH20-) linkages 
between monomeric units. Due to the absence of side 
reactions in the propagation and termination steps of the 
polymerization reaction, the copolyformals described 
here are nearly la3 percent difunctional and exclusively 
terminated by hydroxy graups. This characteristic is 
useful because it results in reproducible curing in cast- 
curable compositions, and because it permits the synthe- 
sis of we&defined block copolymers. 

The fluorodiols which may be used in this invention 
include: 
(1) 2,2,3,3,4,4-hexafluoropentane- I,5dial, 

HOCH2CF2CF$X2CH2OW; 
(2) 2,2,3,3,4,4,5,%octafluorohexane-1,6-diol, 

~OCH2CF?,CF2CF~CF:CE3EzQI31 and 
(3) 2,4,4,5,5,6,6-hepafluoro-2-trifluoromethyl~3-oxahep- 

tane- l,7-dial, 
HOCH2CF(CF3)0CF7_CF~CFICH7_0H; 

(4) 2,2,4,4,5,j,?,7-octafluoro-3,6-dioxaoctane-l,9-diol, 
HOCH~CF~~CFZCF~~CF~CH;OH; 

F5 j 3,3,4&tetrafluorohexane- 1,6-dioi, , 
HUCH2C~~(CF2)2CH2CH20H; 

(6) 3,3,4,4,5,5,6,6-actafiuorooctane-1 ,%diol, 
nOCH2CH2(CF2)4CH2CW2OH; 

(7) 3,3,4,4,5,5,6,6,7,7.8,8-dodecafluorodecane-l,lO-diot, 
HOCH~CH~(CF~)~CHZCN~OH; 

(8) 3,3,4,4,5!4,6,6,?,7,8,8,9,9,10,l0-hexadecafluorodoa 
decane- 1,l Zdiol, 
HUCW~CIfz(CF2)gCHrC~I2QH; 

(9) 3,3,4?4,5,5!6 6 7 7 8 8 9 9 10,10,1 I,1 1,12,12-eicosa- ?TJtllff 
fluorotetradecane- I, 14-dial., 
HCKH$H2(CF~)1 oCH~CH~0H; 
or mixtures thereof. 

The 2,2,3,3,+4-h exa uoropentane- 1 ,5-diol is the least fl 
preferred because it is expensive. 

The nitrodiols which may be used in this invention 
include: 

(3) 2,2&g-tetranitro-4,6-dioxanonane- I ,9-diol, 
‘HOCH~_C(NOI)ICK~~CHIOCH~C(NU~)~CH~OE-I; 

and 
(4) 3,5,5,1 t, 11.13-hexanitro-3,lj-diaza-7,9-diosapenta- 

decane- 1,l S-&l, 
HUCH7CH:N(N07)CH2C(N02)7CH10CH- 

~OCH2C(~Ot)lCHrN(N02)CWICIT20H. 
Mixtures of these nitrodiole may be used, 

The cumonorner mixture of the fluorodiol and the 
nitrodiol is composed of from about 10 to about: 90 mole 
percent of the flusrodiol with the remainder of the dia! 
comonomer mixture being the nitrodiol. The combina- 
tion of fluorodial and nitrodiol monomers provides 
polymers with much lower glass transition tempera- 
tures (TG) than can be obtained with nitrodiol homopo- 
lyformals, and at the same time provides polymers with 
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a significant energy content. The TG decreases with susceptible to vtious modifications that will be recog- 
increasing mole percent of the fluorodiol. For example, nized by one of ordinary skill in the art. 
while the homopolyfurmal of 3,6-dinitro-3,6-diazaoc- . EXAMPLE 1 
tam- I,&diol melts above 1Qo” C., a co&formal of 85 
mole percent of that nitrodiol with 15 mole percent of 5’ PoIy(2,2,3,3,4,4,5,5octafluorohexane- 1,6-dial formal- 

2,2,3,3,4,4,5,5-octafluorohexane-l,GdioI is a liquid resin 
at room temperature with a Tcof - 12” C. and is readily 
solubk in ordinary organic solvents. Higher fluorodiol 
contents produce even lower TG’s, Similarly, w bile 
3,5,5,7-tcsranitro-3,7-diazanonane-1,9-dio~ polyformal 10 
has a melting point of 80” C,, a 5050 molar ratio copoly- 
fornA of 3,5,5,7-tetraniero-3,7-ozanonane-1,9-diol and 
2,2,3,3,4,4,5,5-octafluorohexane- l,&diol is a liquid resin 
at room temperature. Likewise, while 2,2,8,&tetranitro- 
4,6-dioxano~~ne-l,9-diol polyfor& has a melting point 15 
of SOO-60’ C., a 4U:60 molar ratio copolyforma1 0f 
2,2,8,g-tetranitro-S,6-dioxanonane- 1 ,%diol and 
2,2,3,3,4,4,5,Wztofluorohexane- 1,Gdiol is a viscous 
liquid resin at mom temperature. 

Examples I through 4 illustrate the conditions for 20 
preparing the copolyformals of this invention. The 
polycondensation of mixtures of the fluorodiols and 
nitrodiols with formaldehyde is accomplished at room 
temperature in sulfola&buron trifluoride etherate sol- 
vent. The boron trifluoride etherate is added slowly to 25 
a mixture of the fluorodiol, nitrodiol, formaldehyde, 
and sulfollane to prevent overheating. After completion 
of the reaction, the copotyformal is treated with H;02 
to convert terminai hemiformal groups (-cCH#CI-I- 
QH) into hydroxy groups --C&OH. The copolyfor- 30 
ma1 is then isolated as described in the examples. 

co-3+6-dinitro-3,&diazaoctane- 1 ,&diol formal), General 
Procedure, Described for 5050 Composition. 

BF3 etherate, 6.3 mL, was added dropwise under a 
Nz blanket to a stirred solution (prepared by several 
hours of mixing) of 6.01 g (0.0299 mol) of 2,2,3,3,4,4,5,5- 
octafluorohexane-l,&diol, 5.46 g (0.0229 mol) of 3,6- 
dinitro-3,6-diazaoctane- i ,%diol, and 1.3 8 g of trio xane 
(formaldehyde) in 12 mL of dry (4A sieves) sulfolane. 
The mixture was stirred overnight at room temperature, 
diluted with 80 mL of dichloromethane, and stirred 
with 100 mL of water and 4 mt of 30% aqueous Hz@ 
for 2 hours. The organic layer was then stirred with 100 
mL I% aqueous KOEI. and 2 mL 30% H$&, separated, 
washed with 60 mL of brine, and evaporated at 60” 
0’20 Tom The remaining liquid was digested at 70” C 
with 65 mL portions of water until nu sulfolane could 
be detected in the WNMR spectrum (Vetian WI). The 
copolymer was dissolved in 100 mL of dichlarometh- 
ane, stirred overnight with 1 5 g silica gel (Kieselgel &I), 
filtered, and evaporated to give 10.77 g (89%) of a 
yellow/orange resin. Mn= 2080, Mw z= 3300 @PC); 
OH equ. wt. = 1113 ( 19F-NMR), 1070 (isocyanate 
method). 

Proof that true cupolymers are formed, rather than 
mixtures of homopolymers? is based on the following 
observations: The differential scanning calorimetry 
(EC) curves show a single glass transition temperature 35 
rather than two expected for a mixture of hompolym- 
ers; the gel permeation (GP) chrumatogram shows the 
presence of a homogeneous W active pofymer whose 
UV and RI detector traces correspond very closely; the 
IH-NMR spectrum shows a statistical ratio of the three 40 
possible formal linkages with the ratio varying with the 

Similarly prepared were the following copolyformals 
using different molar ratios of 2,2,3.3,4,1,5,5-octa- 
fluorohexane~~,Qdiol to 3,6-dinitro-3,6-diazaoctane-1,8- 
dial: 

Feed ratio Yield OH Eq’uiv. Wt. {jy l”F-XMR; values 
(md/mol) tm in brackets by 1socj;anate Method) 

70!30 s5 I ox [ 102q 
JO/70 a5 1192 
1 j/85 73 1132 

Some af the physical properties of the polymers pro- 

duced in Example 1 are listed in Table I. 
TABLE 1 

feed ratio as expected. 
The copalyformals of this invention preferably have EXAMPLE 2 

a number average molecular weight of from about loo0 Psly(:!,2,3,3,4,4,5,5-octafluorohexane-l,6-d~ul formal* 
to about boo0 and more preferably from Zoo0 to 3Qoo. 60 co-3,5,5,7-tetranitro-3,7-diazanonane-l,9-diol formal). 
The average molecular weight may be adjusted by Genera1 Procedure, Described for SO:50 Compositjan 
varying the stoichiometry (ratio of formaldehyde to BFJ etherate, 1,4 mL, was added dropwise. under a 
diuls) and reaction conditions (amount of BF;, etherate I$ blanker, to a solution of 1,007 g (0.0038 mof) of 
and solvent, temperature). 2,2,3,3,4,4,5,5-octafluotohexa~e- 1,6-dial, 1.300 g 

The general nature of the invention having been Set 65 @0038 mat) of 3.5,5,7-tetranitro-3-7-diazanonane-1,9- 
forth, the following examples are presented as specific 
illustrations thereof. It will be understood that the in- 
vention is not limited to these specific examples but is 

dial and 0.23Qg of trioxane {formaldehyde) in 2 mL of 
dry (4A sieves) sulfolane. The solution was stirred over- 
night at room temperature, diluted with 15 mL of di- 
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chloromethane, stirred with 20 mL of w&and 0,s mL 
of 30% aqueous Hz02 for 3 hours, separated and stirred 
with 20 mL 1% aqueous KOH +0.4 mL 30% HaOn for 
3 hours. The organic byer was washed with 15 mL of 
brine, evaporated at 60” C/20 Torr, and the remaining 
liquid was triturated at SO” C with 25 mL portions of 
water until no sulfulane could be detected by WNMR 
(Varian 390). The resulting copolymer was dissolved in 
30 mL of dichloromethane, the solution was stirred 
with OSg of silica gel (Kieselgel 60) overnight, filtered, 
and freed of solvent in vawo (20 to .OI Torr) at 9Q” C 
f& 8 hours. obtained was 2.2 g ( 9 %) of a resin! 
g,2410, &=5120 (GPC), OH equ. wt. 2ooO (by ‘f-I- 
NMR), 1258 (by isocyanate method). 

Other compositions were prepared similarly with the 
following modifications; 

(a) for 80120 and 9U:lO molar ratios of 2,2,3,3,4,4,J,S- 
octafluoro hexane- l,&diof to 3,5,S,7-tetranitro-3,7- 
diazanonane-1,9-dial, 1.8 mL of BF3 ether& was used: 

(b) for a XI:80 molar ratio, 0.079 g of the fluorodiol, 
0.898 g of the nitrodiol, 0.080 g of trioxane, 0.3 mL of 
BF3 etherate was used; after stirring overnight, LO di- 
chloromethane was added and the mixture was poured 
into 30 mL of water containing 0.4 g NaHCO3 and 0.4 
mL of 30% H202* The reaction flask was rinsed with 10 
mL of 1:I dichloromethane/methyl acetate wlhich was 
added to the above, The mixture was stixrzd vigarously 
for 3 hours until the organic solvents had evaporated? 
the residue was triturated with icewater and small 
amounts of dichloromethane The resulting whire solid 
was isolated by filtration. 

Mn of these polymers were estimated by GPC to be 
2400~200; yields were 70-90%; the lW90 and 20/W 
polymers were solids, the others were resins. 

EXAMPLE 3 

Poly(2,4,4,5,5,6,6-heptafluoro-2-trifiuaromethyl-3- 
oxaheptane 1,7-dial formako-3,5,5,7-tetranitro-3,7- 
diazanonane-1,9-dial formal), General. Procedure, De- 
scribed for 5050 Composition. 

To a stirred solution of 1.258 g (0.0038 mol) of 
2,4,4~5,5,6,6-heptafluoro-2-t~~uoromethy~-3-oxahep- 
tane-1,7-diol, 1.308 g (U.0038 mol) of 3,5,5,7-tetranitro- 
3,7-diazanonane-1,9-diol and 0.230 g of trioxane (form- 
aldehyde) in 2 mt of dry (4A sieves) sulfolane under a 
N2 blanket was added dropwise 1.4 mL of BF3 etherate 
and the solution was then stirred overnight at room 
temperature. The reaction mixture was diluted with 15 
mL of dichloromethane, and stirred with 20 mL of 
water and 0.8 ml of30% aqueous HzO:! for 3 hours. The 
organic layer was stirred with 20 mL 1% aqueous KOH 
+0.4 mL 30% W202 for 3 hours and was washed with 
15 mL of brine. The solvent was evaporated and the 
remaining liquid was digested at 80” C with 25 mL 
portions of water until no sulfolane could be detected in 
the ‘E-I-NMR spectrum (Varian 390) The resulting co- 
polymer was dissolved in 30 mL of dichloromethane 
and the solution was stirred with 05 g of silica gel (Kie- 
selgel60) overnight, filtered, and freed of solvent at 90” 
C/20 Torr for 8 hours. Obtained was 2.4g (-90%) of 
polymer, Mn2470, M,,=5310 IGPC); OH egu. 
wt. = 1600 (lgF-NMR), 1335 (isocyanate method). 

Other compositions were prepared similarly with the 
following modifications: 

(a) for 80:20 and 9Q: 10 molar ratios of 
2,4,4,5,5,6,6-heptafuoro-2-trifiuorometxahep- 

tane-1,7-diol to 3,5,5,7-tetranitro-3,7-diazanonane-1,9- 
dial, 1.8 mL of BF3 etherate was used; 
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6 
(b) tbr a lo:90 molar ratio 0.096 g of the fluorodiol, 

0.898 g of the nitrodiol, 0.052 g of trioxane, and 0.3 mL 
of BF3 etherate were used following the modification 
described above for the 20;80 composition of Example 
2. 

an af these polymers were 2300~~00 (by WC); 
yields were 7045%; the 10190 polymer was a solid, tile 
others were resins. 

EXAMPLE 4 
Poly(2,2,3,3,4,4,5,5-octafluorohexane-I,&diol formai- 
co-2,2,8,8-tetranitro4,6-dioxanonane-1,9-diol formal), 
(60:40). 

To a stirred solution of 3.600 g (U.0137 mol) of 
2,2,3,3,4,4,5,5-octafluorohexane- l,Gdiol, 2,317 g 
(0.0092 mol) of 2,2,8 &tewanitro-4,6-dioxanonane- I ?9- 
diol, anb 0.588 g of trioxane (formaldehyde) in 3 mL of 
dry (4A sieves) sulfolane under a Nz blanket was added 
dropwise 5A ml, of BF3 etherate. The solution was 
stirred overnight at room temperature, diluted with 45 
mL of dichloromethane and stirred with 50 mL of 
water and 2 mL of 30% aqueous H20~ for 3 hours. The 
organic layer was then stirred with 50 mL 1% aqueous 
KOH + 1 mL 30% H702, separated, washed ivith 45 
mt of brine and evaporated at 60” CA0 Torr. The 
remaining liquid was digested with three 30 mL por- 
tions of water and with 30 mL SO/50 MeQlWll~, with 
heating up to 70” C, The resulting copolymer was dis- 
solved in SO mL dichlorome:hane, stirred with 0.8 g of 
silica gel (Kieselgel 60) overnight, filtered, and evapo- 
rated at 60” C/20 Torr, Obtained was 5.5 1 g (89%) of 
a viscous resin. The atI of this polymer, which can- 
tained some Zow-molecular weight impurities, is esti- 
mated to be about 2500. 

Obviously, numerous modifications and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically dwxibed 
herein. 

What is claimed is: * 
I. A dihydroxy-terminated copolyforma1 formed 

Cram 
A, formaldehyde and 
E3. a dial comonomer mixture of 

(1) a fluorodiol selected from the group consisting of 
HOC&CF2CF2CF2CH20H, 
~OCH2CF~CF~C.F1CF2CHIOH, 
HOC~2CF(CFs)OCF2CF2CF1_CH1UH, 
E-IOCH2CF20CF2CF1OCF~C~~~~, 
HOC~1CH2(CF~)1CH1C~~~~, 
HOCH2CH2(CF2)4CH~CH20H, 
HOCH2CH2(CF2)6CH2CHIOH. 
HOCH~CH1(CFl)sCH2CH2QH, 
~OCH2CH2(CF7)l~CHzCH1_OI-I, 

and mixtures thereof, and 
(2) a nitrodiol selected from the group consisting of 

HOCH~CH~N(NOI)CEI~CH~N(NO~)CH~C- 
H20K 

~OCHzCH~N(NO~)CHi?C(~U2)2CH2N- 
(N~~)CHJC&UH, 

HOCHIC(N~~)~CH~QCH~UC~~C(NO,),C- 
E-l&W, 

rrOCH1CH2N(N02CH2C(N07_)1CH20CH- 
20CH~C(NO~)~CW2N(N07)CH1CH~U~, and 

mixtures thereof, 
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wherein the fluorodiol comprises from about 10 to 
about 90 moie percent af the dial comonomer mix- 
ture with the nitrodiol being the remainder, and 

wherein the terminal functional groups of the copoly- 
formal are hydroxy groups. 

2. The copdyformal of claim 1. wherein the 
fIuorodio1 is HOCH$F$F$F2CH@L 

3. The cupolyformal of claim 1 wherein the 
fluorodiol is HOCH2CF~CF2CF~CF2CH20H. 

4. The copolyformal of claim 1 wherein the 
fluorodiol is HOCH~CF(CFJ)OCF$ZF~CF~CK@H 

5. The copolyfmnal of claim 1 wherein the nitrodiol 
is HOCH~CH~N(NO~)CH2CH~N(NOI)CH2CH20H. 

6. The copolyformal of claim f wherein the nitrodiol 
HOCH2CH7N(NO~)CH2C(N02)2CHzN- 

;sNo~)cH2cKzoK. 
7. The copolyformal of claim 1 wherein the nitrodiol 

is IIOCH2C(~02)2CH70CH20CH2CINOt)2C(N~~)~C~2~~. 
8. The copoIyforma1 of claim 1 wherein the nitrodiol 

is HOCHZCH~N(N~~)CH~_C(N~~)~CHIOCW- 
20CHtC(N02)2CH2N(N7_)CH7CM:QH. 

9. The copolyformal of claim 1 wherein the number 
average molecular weight of the copolyforTnal is from 
about loo0 to about WO 

X0. The copolyformal of cIaim 9 wherein the number 
average moiecular weight of the copo1yformal is from 
mo to 4uoo. 

* * f f + 
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